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(54) Intraluminal device, coating for such device, as well as a method for preparing the 
intraluminal device 



(57) Disclosed is a intraluminal device, suitable for 
implantation in a body. Said intraluminal device is pro- 
vided with a coating which comprises: 

50-97% heparan sulfate; 

1-20% laminin; 

0,2-15% type IV collagen. 

Furthermore a coating is disclosed, which coating 
is suitable for the above mentioned device, as well as a 
method for preparing such device, comprising the steps 
of: 



50-97% heparan sulfate; 

1-20% laminin; 

0,2-15% type IV collagen; 

the solvent being a suitable buffer or water; 

dipping the Intraluminal device in the composition; 
and 

drying the dipped intraluminal device. 



providing a intraluminal device for implantation in a 
body; 

preparing a composition, comprising, in about 50 
mg/ml solvent: 
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Description 

[0001] The present inv ntion relat s to a intraluminal 
device, suitable for implantation in a body, which Intra- 
luminal device is provided with a coating. 
[0002] Intraluminal devices of the above mentioned 
type are generally known and applied. Such devices are 
for example applied in the treatment of blood vessel 
blockage in which the blocked blood vessel first is dilat- 
ed, followed by placing a vascular prosthesis, in partic- 
ular a stent, in the blood vessel in order to keep the ves- 
sel in the dilated state. This treatment does, however, 
give rise to several problems with regard to the vascular 
healing, as the natural healing process after such an op- 
eration is not regulated and as a consequence thereof 
undesirable local thrombosis can take place. 
[0003] After the above implantation, the intraluminal 
device interacts with the vesselwall surface and the 
bloodstream. The endothelialization of the intraluminal 
device is generally complete within two to three months 
after implantation. During this period the patient is at risk 
of thrombotic occlusion. 

[0004] There are several techniques available for 
controlling the thrombogenicity of intraluminal devices, 
such as for example vascular stents. Thrombosis can 
passively be prevented by creating an inert surface 
which improves the surface characteristics that influ- 
ence thrombosis. Such characteristics comprise, for ex- 
ample, charge, wettability and topography 
[0005] Thrombosis can also be prevented by binding 
one or more active components which inhibit thrombosis 
to the stent surface in order to actively prevent throm- 
bosis. Examples of such components are prostagland- 
ins, heparins, other thrombin inhibitors, or enzymes 
such as ADPase. 

[OOOe] Furthermore, thrombosis can be controlled by 
mimicking at the stent surface an already completed 
thrombotic response. This can be achieved coating the 
stent surface with fibrin, thereby creating a controlled 
thrombus In vitro, as polymerized and stabilised fibrin is 
no longer thrombogenetic. 

[0007] Thrombus formation can also be limited by dis- 
guising the stent surface with plasma proteins such as 
albumin, gamma globulinsor phospholipids, which 
causes the skipping of certain phases in the proteina- 
ceous - thrombotic - response. 
[0008] The above mentioned coatings have an anti- 
proliferative effect; the growth velocity is inhibited in or- 
der to prevent thrombosis or restenosis. 
[0009] The present invention aims to provide for a in- 
traluminal device according to the preamble which after 
implantation in a body adds to an improvement of the 
process of vascular healing and which provides for an 
improved anti-thrombogenicity. 
[0010] In order to achieve this the present invention 
is directed to a intraluminal device according to the pre- 
amble, which is characterised in that the coating com- 
prises: 



50-97% heparan sulfate; 

1-20% laminln; 

0,2-15% typ IV collagen. 

5 [0011] By providing a intraluminal devic with a coat- 
ing of the abov specified composition a suitabi sub- 
strate is provided on which endothelial cells can grow. 
During the growth the endothelial cells create their own 
matrix upon which to grow and remain attached. Given 

10 that the normal endothelium is non-thrombogenic, pro- 
viding a coating suitable for endothelial cell growth can 
shorten the period during which a patient is at risk of 
thrombotic occlusion. 

[0012] All of the above components are also naturally 
15 present in the basement membrane of the blood vessel 
wall and are suitable for endothelial cell growth. The 
heparan sulfate is an important component as it has an 
effective anti-thrombogenis effect. Laminin can contrib- 
ute to the binding properties of the coating to, for exam- 
20 pie DNA and RNA in gene therapy. Finally, type IV col- 
lagen adds to an improved attachment of the coating on 
the intraluminal device as well as a better attachment of 
the endothelial cells on the coated surface of the intra- 
luminal device. 

25 [0013] The coating according to the present invention 
provides a surface which is higher up in the natural heal- 
ing cycle. The coating provides a fertile rich environment 
for endothelial cells and regulated thrombus formation. 
Thus, contrary to the coatings according to the prior art, 

30 the coating according to the present invention has a 
proleferative effect. As a result of proleferative effect, 
the vascular wound healing is stimulated thereby de- 
creasing the period during which thrombosis can occur. 
[0014] In a particular embodiment the coating com- 

35 prises: 

75-95% heparan sulfate; 

3-10% laminin; 

0,5-10% type iv collagen. 



40 

[0015] In a further preferred embodiment the coating 
comprises entactin and nidogen. 
[0016] Said compounds add to the stnjctural integrity 
of the coating and also improve the attachment of the - 

45 endothelial - cells to the intraluminal device coating. 
[0017] In another advantageous embodiment the 
coating furthermore comprises a growth factor. 
[0018] Growth factors in general stimulate the growth 
of - for example, endothelial - cells and therefore enhace 

50 the proliferative effect. 

[0019] Preferably, the growth factor is chosen from 
the group consisting of bFGF. IGF, TGF-^y and VEGF- 
145. 

[0020] The different growth factors bFGF (basic fi- 
55 broblast growth factor), IGF (insuline like growth factor), 
TGF-^T- (transforming growth factor), and VEGF-145 
(vascular endothelial growth factor) all add to the growth 
of specific components. 
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[0021] In order to prevent any risk of infection, the 
coating advanatgeously comprises an antibiotic. 
[0022] in order to have an optimai effect the antibiotic 
should be a broad spectrum antibiotic, such as gen- 
tamycin . 

[0023] In a preferred embodiment the coating of the 
intraluminal device according to the present invention 
comprises vitronectin. 

[0024] Vitronectin offers a good basis for ceil attach- 
ment; moreover it binds Reopro® which is a compound 
with a l^nown anti-thrombotlc effect. By incorporating vit- 
ronectin in the intraluminal device coating and adminis- 
tering Reopro® to a patient, thrombosis is even further 
prevented. 

[0025] In a particular preferred embodiment of the in- 
traluminal device according to the present invention, the 
coating comprises: 

85-95% heparan sulfate; 
5-6% laminin,; 
3-4% type IV collagen; 
0,5-1,5% entactin and nidogen; 
0,001-1% growth factors; 
0,001-1% antibiotic. 

[0026] In a preferred embodiment the intraluminal de- 
vice comprisis a vascular prosthesis such as a stent or 
a graft. The stent as welt as the graft can be prepared 
from different materials known to the person skilled in 
the art. 

[0027] The coated intraluminal device according to 
the present Invention can furthermore be used as a ba- 
sis for therapies such as, for example, drug delivery and 
gene therapy. Drugs can be binded to the coating such 
that the release thereof is controlled. As mentioned In 
the above, the presence of laminin in the coating im- 
proves the bindings which are desired and requirend In 
gene therapy. It is also possible to provide for one or 
more radioactive nnoiecuies in the coating in order to in- 
hibit cell growth, if desired. 

[0028] The present invention also relates to a coating 
suitable for application to a intraluminal device accord- 
ing to the present invention. 

[0029] It will be clear that such coating may also be 
used on other substrates which can be implanted in a 
body. 

[0030] The present invention also relates to a method 
for preparing a intraluminal device according to the 
above, comprising the steps of: 

providing a intraluminal device for implantation in a 
body; 

preparing a composition, comprising, in about 50 
mg/ml solvent: 

50-97% h paran sulfate; 
1-20%lannlnin; 
0,2-15% type IV collagen; 



th solv nt being a suitable buffer or water; 

dipping the intraluminal device in the composition; 
and 

5 - drying the dipped intraluminal device. 

[0031] The method as such is very simple and easy 
to perform and moreover is not time-consuming. The 
drying step can take place with or without heated or 
10 forced air drying. 

[0032] Preferred embodiments of the method accord- 
ing to the present invention are given in claims 13-17. 



15 Claims 



Intraluminal device, suitable for implantation in a 
body, which device is provided with a coating, char- 
acterised in that the coating comprises: 

50-97% heparan sulfate; 
1-20% laminin; 
0,2-15% type IV collagen. 



20 



25 2. Intraluminal device according to claim 1, charater- 
ised in that the coating comprises: 

75-95% heparan sulfate; 
3-10% laminin; 
30 0,5-10% type IV collagen. 

3, Intraluminal device according to claim 1 or 2, char- 
acterised in that the coating comprises entactin and 
nidogen. 

35 

4. Intraluminal device according to claim 1 -3, charac- 
terised in that the coating furthermore comprises a 
growth factor. 

40 5> Intraluminal device according to claim 4, charater- 
ised in that the growth factor is chosen from the 
group consisting of bFGF, IGF. TGF-E^ and VEGF- 
145. 

45 6. Intraluminal device according one or more of the 
preceding claims, characterised In that the coating 
comprises an antibiotic. 

7. Intraluminal device according to claim 6, character- 
50 ised in that the antibiotic comprises gentamycine, 

8, Intraluminal device according to one or more of the 
preceding claims, characterised in that the coating 
comprises vitronectlne. 



55 



9. Intraluminal devic according to one or more of the 
preceding claims, characterised in that the coating 
comprises: 
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85-95% heparan sulfat ; 

5-6% lamlnin,; 

3-4% type IV collagen; 

0,5-1,5% entactin and nid gen; 

0,001-1% growth factors; ^ 

0,001-1% antibiotic. 

10. Intraluminal device according to one or more of the 
preceding claims, characterised in that the prosthe- 
sis comprisis a stent or a graft ^° 

11 . Coating suitable for a intraluminal device according 
to one or more of the preceding claims 1-10. 

12. Method for preparing a intraluminal device accord- 15 
ing to one or more of the claims 1-10, comprising 
the steps of: 

- providing a intraluminal device for implantation 
in a body; 

preparing a composition, comprising, in about 
50 mg/ml solvent: 

50-97% heparan sulfate; 

1-20%laminin; 25 

0.2-15% type IV collagen; 

the solvent being a suitable buffer or water; 

dipping the intraluminal device in the composi- 
tion; and 

drying the dipped intraluminal device. 

13. Method according to claim 12, characterised in that 
the composition comprises entactin and nidogen, 

35 

14. Method according to claim 12 or 13, characterised 
in that the composition furthermore comprises a 
growth factor, chosen from the group consisting of 
bFGF, IGF. TGF-E-r and VEGF-145. 

40 

15. Method according to one or more of claims 12-14, 
charaterised in that the the composition comprises 
an antibiotic. 

16. Method according to one or more of claims 12-15, 
characterised in that the composition comprises vit- 
ronectine. 

17. Method according to one or more of the claims 
12-16, characterised in that the composition com- 50 ' 
prises: 

85-95% heparan sulfate; 
5-6% laminin.; 
3-4% type IVcoliag n; 
0,5-1,5% entactin and nidogen; 
0,001-1% growth factors; 
0,001-1% antibiotic. 



' EP 1 088 564 A1 



EuropMn P«t»nft 
OffiM 



EUROPEAN SEARCH REPORT 



EP 99 20 3203 



DOCUMEMTS CONSIDERED TO BE RELEVANT 



Catagory 



CItatkm of (kKximert wth MfestkMX where apprci^^ 
of relevant paeftapee 



Rolovant 
to ctekn 



CLASSmCATIOHOrTHE 
APPLICATION (MCLT) 



SCHNEIDER A ET AL: "An Inproved method 
for endothelial cell seeding on 
polytetrafluoroethylene snail caliber 
vascular grafts." 

JOURNAL OF VASCUUR SURGERY, (1992 APR) 15 
(4) 649-56. , XP000884442 

* the whole document • 

EP 0 945 145 A (SHINIZU YASUHIKO :TAPIC 
INTERNATIONAL CO LTD (JP)) 

29 September 1999 (1999-09-29) 

* claims; example 1 <■> 

HO 95 31944 A (VEC TEC INC) 

30 November 1995 (1995-11-30) 

* claims; examples * 

UO 99 01167 A (NINNESOTA MINING & NF6) 
14 January 1999 (1999-01-14) 

♦ page 3, line 1 - line 5 • 

US 4 963 146 A (LI SHU-TUNG) 

16 October 1990 (1990-10-16) 

♦ claims ♦ 

DATABASE HPI 

Section Ch. Week 198630 

Derwent Publications Ltd., London, GB; 

Class D16, AN 1986-194636 

XP002131679 

& JP 61 128974 A (ADV KAIHATSU KENKYU). 

17 June 1986 (1986-06-17) 

• abstract * 



1,2 



A61L33/10 
A61L33/06 
A61L27/34 
A61L31/10 



1-17 



1-17 



1-17 



1-17 



1.2 



TECHMCALHOM 
SEARCHED QntaT) 



ITm pnsani Muth rapoit hM bMO 4mm 19 tar an dalnw 



A61L 



ESPINOSA, H 



THE HAGUE 



1 March 2000 



CATEGORY OF CITED D0CUMEKT8 

X : peiMaity ratnwit If Wtwi dene 
Y : partkxiafty r^mtt tr oomtM wtt) wwttwr 
docuTMrH of lh« ieme cataQOiy 

0 : non-witttMi dsdoiure 
P i WwiitfiJutB docLMHant 



T : the<vy or pdnofcto tnM)^ ttw hivcftflm 
E : aoflar paler« dooLnwrt, M pilMwd en, «r 

after ffw HhiQ deAo 
0 1 docixncni dtod tn ffw iiipUoMkn 
L: document cHsd for otiAf reBMni 

& ! iTicmbw of MTM pMorl ttntf, oorrB^)on(lno 
doouncnl 



5 



EP 1 088 564 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCAT10N NO. 



EP 99 20 3203 



m annex Brt. tJ» p«t8rt fwnly m«Tibe« to 

The merriwi «ft at contained In th» European Patent Oiflw EDP fie on ^w^^io-i 

01-03-2000 



PaM documont 
cted In aAftnh report 



PubOcallon 



Patsntfamly 
mernbeita) 



PiJbOMto 



EP 0945145 


A 


29-09-1999 


UO 


9822155 A 


28-05-1998 


WO 9531944 


A 


30-11-1995 


US 


5643712 A 


01-07-1997 






AU 


2517395 A 


18-12-1995 








AU 


2595195 A 


18-12-1995 








EP 


0759692 A 


05-03-1997 








UO 


9531897 A 


30-11-1995 








US 


5699793 A 


23-12-1997 


HO 9901167 


A 


14-01-1999 


AU 


5166298 A 


25-01-1999 


US 4963146 


A 


16-10-1990 


US 


5026381 A 


25-06-1991 


JP 61128974 


A 


17-06-1986 


NONE 







S For n»i«d0tala about Ihlaanmxisaa Official Journal of the Eun^^ 



6 



